Characterization of multilayered nanoparticles encapsulated in yeast cell wall particles for DNA delivery.
Nonviral gene delivery technologies have been developed using layer-by-layer self-assembly of nanomaterials held together by electrostatic interactions in order to provide nanoparticulate materials that protect and deliver DNA to cells. Here we report a new DNA delivery technology based on the in situ layer-by-layer synthesis of DNA nanoparticles caged within hollow yeast cell wall particles (YCWP). YCWP provide protection and facilitate oral and systemic receptor-targeted delivery of DNA payloads to phagocytic cells. The nanoparticles inside YCWP consist of a core of tRNA/polyethylenimine (PEI) followed by a DNA layer that is finally coated with a protective outer layer of PEI. Using fluorescein and rhodamine labeling of tRNA, PEI, and DNA, the layer-by-layer formation of the nanoparticles was visualized by fluorescent microscopy and quantitated by fluorescence spectroscopy and flow cytometry. Optimal conditions (tRNA:YCWP, PEI:YCWP ratios and DNA load levels) to synthesize YCWP encapsulated nanoparticles were determined from these results. The high in vitro transfection efficiency of this encapsulated DNA delivery technology was demonstrated by the transfection of NIH3T3-D1 cells with YCWP-tRNA/PEI/gWizGFP/PEI formulations containing low amounts of the plasmid gWizGFP per particle to maximally express green fluorescent protein (GFP).